Techniques to visualize, record, or infer the precise temporal behavior of biological molecules are leading to an ever more sophisticated understanding of cellular processes. Real-time observation is sometimes possible even at the level of individual molecules or complexes, yielding remarkable insights into protein-protein interactions, chromatin remodeling, and the assembly of macromolecular structures.
Knowing when to Pull the Trigger
The process of protein folding begins before translation has been completed. In bacteria, the chaperone called trigger factor (TF) associates with ribosomes and binds to emerging polypeptides at the ribosomal exit site. Recent efforts by Kaiser et al. (2006) to witness the reaction cycle of TF in real time have provided key insights into how TF acts to prevent protein misfolding. Kaiser et al. used fluorescence resonance energy transfer (FRET) to analyze the conformational changes in TF proteins that had been modified to incorporate fluorophores at specific sites. In the first step of the reaction cycle, the N-terminal domain undergoes a conformational change concomitant with its binding to the ribosome as a monomer. Upon initiation of active translation, TF adopts an open conformation. Moreover, the affinity of TF for the ribosome dramatically increases upon the emergence of the nascent polypeptide chain. As translation continues, TF binds preferentially to hydrophobic portions of the protein and eventually disengages from the ribosome, which allows another TF molecule to access the ribosome. The authors also observed that TF can continue to associate with the protein even after it has left the ribosome. Importantly, the length of time that TF remains associated with a nascent protein is proportional to its hydrophobicity, suggesting that greater attention is paid to proteins that may be particularly prone to misfolding. It is interesting that, unlike many other chaperones that depend on ATPase activity for their cycling reactions, TF is nucleotide independent. Future work may establish whether the reaction cycle for TF established by Kaiser et al. is similar for other nucleotide-independent chaperones. C.M. Kaiser et al. (2006) . Nature. Published online October 15, 2006 October 15, . 10.1038 Chromatin Remodelers Throw DNA for a Loop
Chromatin remodeling complexes alter the position of nucleosomes to regulate the accessibility of genomic DNA to factors involved in transcription. Zhang et al. (2006) now report the real-time measurement of chromatin remodeling complexes as they translocate along a DNA template packaged in nucleosomes. Zhang et al. tethered each end of a nucleosomal template to polystyrene beads and stretched the DNA template using optical tweezers. Then, the authors measured both the change in length of the template and the force that was generated following addition of the yeast SWI/SNF and RSC chromatin remodeling complexes. These complexes were found to translocate along DNA at a rate of 13 base pairs per second and produced forces up to 12 pN. A shortening of the template during translocation suggested to the authors that the remodeling complexes may create loops, averaging 100 base pairs in
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length (much larger loops of 1200 base pairs were also observed). These loops are within a single nucleosome, such that part of the DNA that is normally looped around the nucleosome becomes disengaged. During remodeling, this disengaged DNA loop is lengthened by the processive translocation of the remodeling complex. Interestingly, neither loop size nor translocation velocity were affected when the experiments were conducted at a higher baseline tension, indicating that these parameters are intrinsic to the activity of the remodeling complexes and thus may reflect their in vivo behavior. In many cases, these loops are resolved rapidly (as evidenced by a rapid drop in tension), suggesting that the nucleosome might ''jump'' to its new position following translocation. The loop-forming activity characterized by Zhang et al. contrasts with the well-characterized ability of remodeling complexes to facilitate ''nucleosome sliding,'' in which the nucleosome shifts position without large portions of it fully disengaging from DNA. Future work may reveal whether other chromatin remodeling complexes also generate intrachromosomal loops. Such studies may also reveal the specific molecular mechanisms that promote nucleosome sliding versus those that promote the formation of intrachromosomal loops. Y. Zhang et al. (2006) . Mol. Cell. 24, [559] [560] [561] [562] [563] [564] [565] [566] [567] [568] 
Formin Starts Filament Formation, Then Steps Aside
Actin filaments are a key construction material for the cell's cytoskeleton. Indeed, the dynamic growth and reorganization of actin filaments underlie numerous biological events from cell division to cell migration. Using a technique called total-internal-reflection fluorescence microscopy (TIRFM), Michelot et al. (2006) now report the effect of a formin protein AFH1 from the plant Arabidopsis on the formation of actin filaments. TIRFM detects fluorophores with exquisite sensitivity but only those near the interface of biological samples with glass or other materials of similar refractive qualities such that an evanescent field can be generated. Because of the limited depth that can be probed by this technique, it was first used to study processes at the plasma membrane, such as vesicle fusion. Michelot et al. now adapt TIRFM to detect individual actin-nucleating events (that is, the formation of individual actin filaments). These experiments were conducted in an in vitro system reduced to three simple components: actin monomers, formin, and profilin (which promotes the addition of actin monomers to the barbed ends of filaments). With AFH1 attached to the glass slide, actin filaments could be observed growing away from sites of nucleation. This finding indicated that AFH1 is nonprocessive, that is, AFH1 moves to the side of the growing filament following initiation of actin nucleation. In contrast, previous work indicated that following nucleation, other known formins become associated with the barbed ends of actin filaments, where it promotes filament elongation. Michelot and colleagues also show that AFH1 becomes attached to the side of pre-existing actin filaments and then nucleates new filament formation. In addition, AFH1 is able to promote the subsequent assembly of actin filaments into longitudinal bundles. This work provides a clear example of how TIRFM can be used to understand the regulation of actin dynamics. A. Michelot et al. (2006 ). Curr. Biol. 16, 1924 -1930 
Stress Prods a GPCR into Action
Endothelial cells that line blood vessels are continually subjected to the movement of blood as it circulates through the body. It is well established that fluid shear stress regulates the structure of blood vessels through its effects on endothelial cells, but it is not clear how this mechanical stimulus is converted into intracellular signals within endothelial cells. Chachisvilis et al. (2006) now use FRET to show that a G protein-coupled receptor (GPCR) expressed by endothelial cells can be directly stimulated by fluid shear stress. Previous work suggested that the B 2 GPCR is important in the response of endothelial cells to fluid flow, although it was not clear how. The native ligand for the B 2 receptor is bradykinin, a potent vasodilator. In the new work, Chachisvilis et al. engineered a B 2 receptor to have a yellow fluorescent protein inserted into the third intracellular loop and a cyan fluorescent protein inserted into the C-terminal tail. Similar recombinant GPCRs have been used previously to monitor conformational changes in real time by FRET following stimulation of the receptor by a ligand. Likewise, here, the authors show that the recombinant B 2 receptor undergoes a conformational change upon treatment with bradykinin. Remarkably, however, activation of the recombinant B 2 receptor is also observed in the absence of bradykinin when the endothelial cells are exposed to fluid shear stress. This suggests an additional means by which a signal to stimulate vasodilation could be transduced. Moreover, because the effect is thought to be mediated by a change in membrane tension, it will be interesting to determine whether other GPCRs, particularly those present in endothelial cells, show similar responses to fluid shear stress. M. Chachisvilis et al. (2006) . Proc. Natl. Acad. Sci. USA 103, 15463-15468. Robert P. Kruger
The nonprocessive formin AFH1 initiates actin filament bundles as visualized by TIRFM. Image courtesy of L. Blanchoin.
